Abstract. Three multivariate calibration-prediction techniques, principal component regression (PCR), partial least squares (PLS) and artificial neural networks (ANN) were applied to the spectrometric multicomponent analysis of the drug containing paracetamol (PCT) and caffeine (CAF) without any separation step. The selection of variables was studied. A series of synthetic solution containing different concentrations of PCT and CAF were used to check the prediction ability of the PCR, PLS and ANN. The results obtained in this investigation strongly encourage us to apply these techniques for a routine analysis and quality control of the drug.(doi: 10.5562/cca2214)
INTRODUCTION
Paracetamol (PCT) and caffeine (CAF) are active substance widely employed in pharmaceutical preparation and are frequently combined in the same medicine. PCT is a popular antipyretic and analgesic agent. 1 CAF, a methylated xanthine and potent stimulant of the central nervous system, has been added to PCT and CAF in various combinations. Worked in the chemical structures of these two substances are shown in Figure 1 .
Therefore, the interest in the development of simultaneous analysis methods, which do not evolve a preliminary separation step, suited for routine pharmaceutical analysis is justified. Various methods, including official methods, 2-4 spectrophotometry, [5] [6] [7] [8] and chromatography 9, 10 are available for the determination of above compounds, whether alone or in combination with other drugs. The quality control of dosage form preparations of drug requires reliable and quick analytical methods. UV/VIS spectrophotometry is by far the instrumental technique of choice of industrial laboratories, owing mainly to simplicity, often demanding low cost equipment. Simultaneous quantitative analysis of pharmaceuticals containing multi-active compounds is difficult to perform by classical spectrophotometric method due to overlapping spectra. 11 In recent years, multivariate chemometric methods seem to be the techniques showing a best performance in terms of complex mixture solution. [12] [13] [14] [15] The same methods and their algorithms have been applied to the simultaneous spectrophotometric determination of drugs in the pharmaceutical formulations containing two or more compounds with overlapping spectra. The most adopted multivariate methods in pharmaceutical analysis are principal component regression (PCR) and partial least-squares regression (PLS), whose theory has allowed to establish a relation between matrices of chemical data. [16] [17] [18] This model is used in a second step to predict the composition of a sample containing the same components with unknown concentrations. Artificial neural networks (ANN) are powerful chemometric methods as they do not need any model structure specification and can process multivariate prob- lems of non-linear systems. Therefore, ANN has attracted many researchers' attentions. [19] [20] [21] [22] The corresponding nonlinear multivariate maps use a non-linear transformation of the input variable to project inputs onto designated attribute values in output space. The strength of modeling with layered, feed-forward ANNs lies in the flexibility of the distributed soft model defined by the weight of the network. Both linear and non-linear mapping functions can be modeled by suitably configuring the network. The multilayer feed-forward neural network trained with back-propagation learning algorithm becomes an increasingly popular technique. [23] [24] [25] Recently, we reported the application of ANN for non-linear calibration by using potentiometric titration and spectrophotometry. [26] [27] [28] In this study, three chemometric methods were successfully applied to simultaneous determination of PCT and CAF in a commercial tablet formulation, tablets without any separation procedure. The chemometric calibrations were carried out by using the mixtures of these pharmaceutical tablets in suitable and possible compositions and concentrations. Means recoveries (%) and relative standard deviation of PCR, PLS and ANN methods were calculated for the validation of the methods. Amounts of the dissolved tablets were calculated by these chemometric methods and dissolution profiles were revealed. The obtained results were statistically compared each other.
EXPERIMENTAL

Apparatus and Software
An absorbance measurement was carried out by using a Shimadzu (Model UV-1700) UV-Visible spectrometer (Shimadzu, Kyoto, Japan), equipped with 1 cm matched quartz cells, and was used for spectrometric measurements. Application of PCR and PLS algorithms was supported by the software package "Minitab® 16". The software is dedicated to both multivariate analysis and experimental design and is equipped with several multivariate methods. It allows to optimize the calibration models and to develop validation procedures.
The back-propagation neural network algorithm three layers were used in MATLAB (version 7.0, Math Work Inc.) using NN toolbox. All programs were run on a Pentium, personal computer, with windows XP home edition.
Commercial Product
A commercial pharmaceutical product (Vermidon® Oral tablet, Sandoz Pharm. Ind., Kocaeli, Turkey) was purchased from local resources and assayed. Its declared content was as follows: Paracetamol 500 mg and caffeine 30 mg, in each capsule.
Chemicals
Paracetamol and caffeine were kindly donated by the pharmaceutical industries and were used without further purification. All solvents and reagents were of analytical reagent grade (Sigma and Fluka).
Standard Solutions
Stock solution 50 mg/100 mL PCT and CAF in 0.1M HCl were used to set up the calibration set samples. A concentration set of 25 mixture solutions consisting of PCT and CAF in the concentration range of 8.0-40.0 and 4.0-36.0 µg/mL for PCT and CAF in the same solvent were symmetrically prepared from the prepared stock solutions respectively ( Figure 2 ). Symmetric set of calibration is preferred. The reason for this is to minimize errors in calibration may occur during analysis. To check the proposed methods we used an independent validation set consisting of the synthetic mixture solutions of PCT and CAF in the above working concentration ranges.
Sample Solutions
Pharmaceutical formulations were assayed by weighing the content of 20 tablets and reducing them a fine powder. An amount exactly corresponding to the average tablet weight was suspended in 0.1 M HCl and made up to a volume of 100 mL calibrated flasks. The suspension of the flask was mechanically shaken for 30 min and filtrated into a 100 mL volumetric flask through a 0.45 µm membrane filter. The final tablet solution was diluted to the working concentration range. The absorption spectra of these sample solution were recorded for the application of the PCR, PLS and ANN calibrations.
Chemometric Methods
In this paper only outlines of the three chemometric methods will be provided, detailed mathematical treatments as well as applications tutorials may be found in the referenced literature.
PCR and PLS PCR [29] [30] [31] and PLS 32, 33 are factor analysis multivariate statistical tools which have many of the full spectrum advantages and have been successfully applied to spectrophotometric analyses of multicomponent mixtures. PCR and PLS need a calibration step where the models for the spectra and the component concentrations of the unknown are estimated from the sample spectrum. Both of these methods involve spectral decomposition.
The PCR decomposition is based entirely on spectral variations without regard for the component concentrations. In PLS, the spectral decomposition is weighted to the concentration. The major difference in the predictive abilities of these two methods is that PLS seems to predict better than PCR when there are random linear baselines or independently varying major spectral components which overlap with the spectral features of the analysis. The optimal of calibration method depend on the particular experimental conditions. However, PLS seems to a reasonable choice over a wide range of conditions.
ANN
The neural network represents a powerful data modeling tool that is capable to capture and describe complex input/output relationships. The true power and advantage of neural networks consist in their ability to represent both linear and non-linear relationships and in their ability to learn these relationships directly by using the data being modeled. The optimal topological neural network is performed for the calibration set to provide high recovery results with small relative error. Figure 3 displays the UV absorption spectra of PCT and CAF together with their mixture. In the presence of the overlapping spectra of two compounds in the spectral range 205 -305 nm. Spectrum as shown the simultaneous determination of the related compounds in samples is not possible by using classical spectrophotometric approaches. We have focused mainly on the quantitative resolution of the binary mixtures of PCT and CAF by using PCR, PLS and ANN chemometric approaches without any separation step.
RESULTS AND DISCUSSION
Method Development
PCR, PLS and ANN Methods
The first step in simultaneous determination of the binary mixture of drugs by multivariate calibration methods involves constructing the calibration matrix for binary mixture of PCT and CAF. To build PCR, PLS and ANN calibration models, a concentration set of 25 mixtures of two compounds in the range of 8.0 -40.0 µg/mL for PCT and 4.0 -36.0 µg/mL for CAF in 0.1 M HCl was symmetrically prepared as seen in Figure 2 . The concentration set and its composition corresponding to Figure 3 were presented in Table 1 . The absorption values of spectra of the concentration set were measured at the wavelength set with ∆λ = 0.1 nm in the spectral region of 205-305 nm. The concentration set and absorption data were considered as yblock (25×2) x-block (25×1000) for the construction PCR and PLS chemometric calibration. During the calibration process various factors were tested by using cross validation procedure to obtain the best recovery results. The calculations were done within PLS Toolbox 4.1 and w have selected the optimal factor to be 5.
In the application of the ANN approach, the investigation of the optimal topological neural network for the calibration set was performed. The first step was to prepare the input for the topological neural network. This input consist of 25 spectra consisting 20 points and different 25 concentrations corresponding to the calibration set as can be seen in Table 1 . The main objective was to find the appropriate topological neural structure which allow us to obtain a high recovery result. We found out a logsig input layer together with two hidden layers consisting 5 and 4 neurons, respectively and two output layers, was chosen as the optimal configuration. A logsig transfer function was used for each layer.
The application competence of a calibration model can be explained in several ways. We can also examine these results numerically. One of the best ways to do this, by examining the predicted residual error sum of squares (PRESS). To calculate PRESS we compute the errors between the expected and predicted values for all the samples, square them, and sum them together. C is the found concentration of drug and n is the total number of the synthetic mixtures. The SEP can provide a good measure of how well, on average, the calibration model performs. Often, however, the performance of the calibration model varies depending on the analyte level.
The standard error of calibration denoted by SEC represents another important quantity and is given us by
The values of PRESS, SEP and SEC were calculated and the results are presented in Table 2 . In the same table, the statistical parameters between actual and predicted concentrations of CFT and CAF substances in mixtures were found by using the experimental data in the calibration and prediction steps.
Method Validation
The validation of PCR, PLS and ANN methods have been done by their performance for obtaining reliable results of analysis. Therefore, 15 synthetic mixtures containing PCT and CAF in different concentrations levels as shown in Table 3 were prepared as an independent validation set. The percentage recoveries and relative standard deviations were indicated in Table 3 . In the recovery study, the numerical values were found satisfactory for the validity PCR, PLS and ANN. The reliable accuracy and higher precision in application of To test the selectivity of the methods, the standard of PCT and CAF was added to the tablet solution. This procedure was repeated five times for each concentration level. During the process no interference of the excipients formulation was reported. Therefore, PCR, PLS and ANN methods apply to proposed in this study are appropriate for the determination of PCT and CAF compounds in the tablets. The recovery results presented in Table 4 . 
Analysis of Commercial Pharmaceutical
Determination results obtained by the application of PCR, PLS and ANN calibrations to the tablet solutions containing PCT and CAF in Vermidon® Oral tablet formulations were summarized in Table 5 . The analysis obtained from three methods was found satisfactory for the quantitative analysis of commercial tablet. Moreover, proposed procedures gave results in agreement with the labeled drugs content when applied on pharmaceutics.
CONCLUSIONS
Three chemometric technique in spectrometric analysis, PCR, PLS and ANN were proposed for the simultaneous determination of PCT and CAF in their binary mixtures. These techniques were applied with great success to commercial pharmaceutical tablets. The resolution of highly overlapping drug mixtures was achieved by the use of PCR, PLS and ANN techniques. A selection of working wavelength having high correlation values with concentration due to interference coming from matrix sample or additional analytes outside the working range. The proposed chemometric techniques can be applied for the routine analysis of drug in the tablet formulation without any a priori chemical separation and without time consuming.
